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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.




In RAN2#104, the following is agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 





In this paper, we initiate discussion related to feeder link switch for LEO NTN.
Background
Another mobility challenge is when the satellite gateway changes, in the picture below, the first gateway moves out of coverage from the satellite and therefore the second sat-gateway should handle the communication (dashed line) with the satellite. 
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The TR 38.821 has the following description:
[bookmark: _Hlk525848260]-	A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
It should be however clarified what it exactly means from RAN2 perspective when it is stated that “The system ensures service and feeder link continuity”. Further the term mobility anchoring would be good to be clarified.

[bookmark: _Toc525848435][bookmark: _Toc530750][bookmark: _Toc879682][bookmark: _Toc1063748]RAN2 would need to clarify the meaning of “The system ensures service and feeder link continuity”.
[bookmark: _Toc530751][bookmark: _Toc879683][bookmark: _Toc1063749]RAN2 would need to clarify the term “mobility anchoring”

Further, in [3] is captured the following from RAN3 perspective:

8.7.6 Mobility due to interface change
In this case, the mobility is due to the change of the interface, for example, when the satellite moves out of the coverage of current network node on the ground, and connects to a new network node on the ground. In Architecture Option 1, 3, 4 and 5, this means the change of AMF. In Architecture Option 2, this means the change of gNB-CU. Due to the change of interface, all UEs need to be handover to new network node (i.e. AMF in Architecture Option 1, 3, 4 and 5, gNB-CU in Option 2). Handover all connected UEs in a short period can cause significant signaling load. Further study is needed. 
For Mobility due to interface change, it may cause significant signaling load in all architecture options. Further study is needed. 
From RAN2 perspective, there is difference between Architecture Option 1 that is transparent payload and Architecture Options 2-5(listed in Section 8.7.1 in [3]) that are regenerative payload. 

Feeder link switch for transparent LEO NTN

In Figure 1 the feeder link switch case is depicted for Satellite 4 that is broadcasting PCI4. One cell per satellite is assumed here for simplicity but it could be a set of cells from one satellite as well. Assume further that there are UEs served by the cell with PCI 4 while the feeder link switches. 
[image: ]
Figure 1 Feeder link switch for LEO satellite with one feeder link serving the satellite at a time

As seen from the figure, in the transparent case the gNB is on earth thus there will be a switch from gNB1 to gNB2. If the satellite can be served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 needs to be dropped. After gNB2 takes over, the UEs may find the reference signals corresponding to gNB2 and request an RRC connection to be set up to gNB2.

[bookmark: _Toc530752][bookmark: _Toc879684][bookmark: _Toc1063750]If the satellite is served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 needs to be dropped.

In theory, it could be possible for gNB2 to keep PCI4. Then, if it could be assumed that from UE perspective it is ok to keep sending SSB corresponding to PCI4 but switch “behind the curtains” from gNB1 to gNB2 including the corresponding SI, the transition could be smoother than drop off and reconnect. However, this is not seen as a very straightforward option. At least it would be something very different than what has so far been considered for LTE/NR networks.
Assuming two feeder link connections serving via the same satellite during the transition, there exists a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. Figure 2 depicts this case that assumes two SSBs (PCIs) sent within the DL “carrier” or bandwidth of a cell as depicted in TS 38.300 Appendix B.2. 
[image: ]

Figure 2 Feeder link switch for LEO satellite with two feeder links serving the satellite during the switch.

During the switch, the gNB2 may start transmitting the CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI9 belonging to gNB1 to PCI4 belonging to gNB2. This could be blind HO or assisted with measurements. In appendix, we provide a TP capturing the latter option for mobility from RAN2 perspective in case of feeder link switch for transparent LEO 
.


[bookmark: _Toc528870205][bookmark: _Toc532042][bookmark: _Toc879687][bookmark: _Toc879785][bookmark: _Toc1034248][bookmark: _Toc1063751][bookmark: _Toc530753]RAN2 to discuss assumptions for feeder link switch for transparent LEO. 
[bookmark: _Toc532043][bookmark: _Toc879688][bookmark: _Toc879786][bookmark: _Toc1034249][bookmark: _Toc1063752]RAN2 to capture in the TR 38.821 the options for feeder link switch for transparent LEO as in TP in appendix.

Feeder link switch for regenerative LEO NTN

In the regenerative LEO, in one of the architecture options, the gNB is onboard of the satellite as payload. From RAN2 perspective, this case is considerably simpler. From connected mode mobility perspective this case does not seem to bring standard changes from RAN2 perspective. In [4], also other architecture options for the regenerative case are considered. After corresponding RAN3 discussions, RAN2 could check if the conclusion for the case gNB onboard holds also with other regenerative architectures. 

[image: ]
Figure 3 Feeder link switch for regenerative LEO with gNB as payload

[bookmark: _Toc532044][bookmark: _Toc879689][bookmark: _Toc879787][bookmark: _Toc1034250][bookmark: _Toc1063753]RAN2 to capture in the TR 38.821 the feeder link switch for regenerative LEO with gNB as payload does not require RAN2 specification changes as in TP.
[bookmark: _Toc1034251][bookmark: _Toc1063754]If proposals 2 and 3 are agreed, RAN2 should discuss how to coordinate with RAN3 where in TR 38.821 the feeder link aspects are captured as currently there is no placeholder for that

Conclusion
We made the following observations:
Observation 1	RAN2 would need to clarify the meaning of “The system ensures service and feeder link continuity”.
Observation 2	RAN2 would need to clarify the term “mobility anchoring”
Observation 3	If the satellite is served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 needs to be dropped.

We propose the following:
Proposal 1	RAN2 to discuss assumptions for feeder link switch for transparent LEO.
Proposal 2	RAN2 to capture in the TR 38.821 the options for feeder link switch for transparent LEO.
Proposal 3	RAN2 to capture in the TR 38.821 the feeder link switch for regenerative LEO with gNB as payload does not require RAN2 specification changes.
Proposal 4	If proposals 2 and 3 are agreed, RAN2 should discuss how to coordinate with RAN3 where in TR 38.821 the feeder link aspects are captured as currently there is no placeholder for that
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Appendix

------------------------start of TP1------------------------------------

7.3.2 	Connected mode mobility enhancements

Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)
7.3.2.x Connected mode mobility for feeder link switch for LEO NTN
Connected mode mobility for feeder link switch, or due to interface change, from the network perspective is captured in Section 8.7.6. From Uu perspective, there is difference between Architecture Option 1 that is transparent payload and Architecture Options 2-5(listed in Section 8.7.1) that are regenerative payload. 
7.3.2.x.1 Transparent LEO NTN, Architecture Option 1
Assuming two feeder link connections serving via the same satellite during the transition, there exists a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. Figure 2 depicts this case that assumes two SSBs (PCIs) sent within the DL “carrier” or bandwidth of a cell as depicted in TS 38.300 Appendix B.2. 
[image: ]

Figure 2 Feeder link switch for LEO satellite with two feeder links serving the satellite during the switch.

During the switch, the gNB2 may start transmitting the CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI9 belonging to gNB1 to PCI4 belonging to gNB2. This could be blind HO or assisted with measurements.


7.3.2.x.1 Regenerative LEO NTN with gNB as payload, Architecture Options 3-5
In the regenerative LEO, in one of the architecture options, the gNB is onboard of the satellite as payload. From Uu perspective, this case is considerably simpler than the transparent LEO NTN as the Uu is only via service link and via service and feeder links. The feeder link switch is transparent at Uu interface as long as the security keys of the gNB can be preserved. 

[image: ]
Figure 3 Feeder link switch for regenerative LEO with gNB as payload



Editor’s note: FFS whether this applies also for Regenerative satellite and split gNB (Sec. 5.3.2);



------------------------end of TP1----------------------------------
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